Report on Field Inspection, Assessment, and Analysis of Floorbeam Connection Cracking on the Birmingham Bridge - Pittsburgh PA by Connor, Robert J. & Fisher, John W.
Lehigh University
Lehigh Preserve
ATLSS Reports Civil and Environmental Engineering
12-1-2001
Report on Field Inspection, Assessment, and
Analysis of Floorbeam Connection Cracking on
the Birmingham Bridge - Pittsburgh PA
Robert J. Connor
John W. Fisher
Follow this and additional works at: http://preserve.lehigh.edu/engr-civil-environmental-atlss-
reports
This Technical Report is brought to you for free and open access by the Civil and Environmental Engineering at Lehigh Preserve. It has been accepted
for inclusion in ATLSS Reports by an authorized administrator of Lehigh Preserve. For more information, please contact preserve@lehigh.edu.
Recommended Citation
Connor, Robert J. and Fisher, John W., "Report on Field Inspection, Assessment, and Analysis of Floorbeam Connection Cracking on
the Birmingham Bridge - Pittsburgh PA" (2001). ATLSS Reports. ATLSS report number 02-10:.
http://preserve.lehigh.edu/engr-civil-environmental-atlss-reports/24
 
 
 
 
 
 
 
 
ATLSS is a National Center for Engineering Research 
on Advanced Technology for Large Structural Systems 
 
117 ATLSS Drive 
Bethlehem, PA 18015-4729 
 
  Phone:     (610)758-3525    www.atlss.lehigh.edu 
  Fax:         (610)758-5902    Email: inatl@lehigh.edu 
 
Report on Field Inspection, Assessment, and 
Analysis of Floorbeam Connection Cracking 
on the Birmingham Bridge 
Pittsburgh PA 
 
Final Report 
 
 
by 
 
 
Robert J. Connor 
 
and 
 
John W. Fisher 
 
 
 
ATLSS Report No. 02-10 
 
 
 
December 2002 
 
 
 
 
 
 
 
 
 
 
 
 
 
Report on Field Inspection, Assessment, and 
Analysis of Floorbeam Connection Cracking 
on the Birmingham Bridge 
Pittsburgh PA 
 
Final Report 
 
by 
 
Robert J. Connor 
Research Engineer 
ATLSS Engineering Research Center 
 
and 
 
John W. Fisher 
Co-Director 
ATLSS Engineering Research Center 
 
ATLSS Report No. 02-10 
 
Prepared for: 
Michael Baker Jr., Inc. 
and 
The Pennsylvania Department of Transportation 
December 2002 
ATLSS is a National Center for Engineering Research 
on Advanced Technology for Large Structural Systems 
 
117 ATLSS Drive 
Bethlehem PA, 18015-4729 
Phone: (610)758-3525      http://www.atlss.lehigh.edu 
Fax: (610)758-5553      Email: inatl@lehigh.edu 
 i
TABLE OF CONTENTS 
 
 
              Page 
 
1.0 Introduction and Background   1 
 
2.0 Review of HDR Report   2 
 
3.0 Cause of Observed Fatigue Cracks        2 
 
4.0 Suggested Retrofit Option   4 
  
5.0 Results of Finite Element Analyses   7 
 5.1  Finite Element Model   7 
 5.2  Loads    8 
 5.3  Results of Finite Element Analyses 10 
 
6.0 Field Instrumentation of Prototype Retrofit 12 
 
References  13 
 
Procedure for Prototype Retrofit  Appendix A 
Proposed Instrumentation Plan and Cost Estimate  Appendix B 
 
 
 
1
1.0 Introduction and Background 
The Birmingham Bridge is located in Pittsburgh, PA and carries SR2085 over the 
Monongahela River.  The main span of the structure is a 620 ft span tied arch designed in 1973 
and built shortly thereafter.  Multi-girder approach spans flank each side of the tied arch.   
Over the past several years, fatigue cracks have been found in nearly all of the transverse 
floorbeams at the connection to the tie girders.  Specifically, horizontal cracks, some of which 
have several branches, have been reported at the upper web/flange weld in the web gap between 
the top flange and the connection angles.  A typical floorbeam crack is shown in Figure 1.  The 
floorbeams are spaced at 31’-0” and are 112” deep. 
 
 
 
Figure 1 - Photograph of typical crack in floorbeam at connection to tie girder. 
 
 
 At the request of the Pennsylvania Department of Transportation, the firm of Michael 
Baker Jr., Inc. contracted personnel from the ATLSS Engineering Research Center at Lehigh 
University to conduct an inspection of this connection in order to inspect the detail and identify 
the cause of the cracking.  In addition, a suggested retrofit scheme was to be proposed by 
ATLSS.  On July 24 and 25, 2002, John W. Fisher and Robert J. Connor inspected several of the 
cracked floorbeam connections.  Access to the floor system was provided by Penn DOT using 
one of the State’s under-bridge inspection units.   
 Due to limitations on time and traffic control, only the upstream side was inspected in 
detail with the under bridge unit.  However, a recent inspection was completed in early to mid 
July of 2002 of all floorbeams by SAI Consulting Engineers (SAI) [1].  The inspection by J.W. 
Fisher and R.J. Connor confirmed the findings of the inspection conducted by SAI at the 
upstream side of the bridge.  It is reasonable to assume that the inspection notes provided by 
SAI, taken in July of 2002 accurately characterize the cracking on the downstream side of the 
bridge.  Hence, inspection of the downstream connections was not required.  While on site, it 
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was noted that most of the heavy truck traffic crossed the bridge in the northbound direction.  
This observation was compatible with the greater damage reported on the upstream side. 
  
2.0 Review of HDR Report 
 The report entitled “Birmingham Bridge Floorbeam Crack Analysis and Retrofit 
Options” [2], dated January 30th, 2002, was reviewed.  This report was prepared by HDR 
Engineering, Inc. (HDR), Pittsburgh, PA.  The report describes the condition of the bridge and 
proposes a retrofit detail.  Overall, the report is well written and accurately describes the 
observed cracking.   
However, the report attributes the primary cause for the cracking to the rotations of the tie 
girders.  This is based on a two-dimensional model of the bridge that included one arch, one tie 
girder and the associated suspenders.  By analyzing the model with point loads at various 
locations, rotations in the tie girder were calculated and plotted.  The report attributes the 
cracking primarily to the rotation of the tie girder.  Although rotation of the tie girder contributes 
to the cracking, it is the relative longitudinal displacement between the tie girder and the 
floorbeam that is causing the cracks.  Because only a two-dimensional model was developed, the 
floorbeams are not explicitly modeled.  Hence, the relative displacements between the 
floorbeams and tie girder cannot be determined from the model.   
As will be described in more detail below, we believe that the cracking is a result of 
relative horizontal displacement that occurs between the tie girder and the floor system.  The 
horizontal displacement occurs due to shear forces that develop between the stiff deck system 
and the tie girders.  Although local differences in relative rotation contribute to the cracking, it is 
not the primary reason for the observed cracking.   
The proposed retrofit scheme suggests softening the connection in order to increase the 
flexibility of the connection.  We concur with the basic concept proposed by HDR, but are 
concerned that the proposed retrofit may not sufficiently increase the flexibility of the floorbeam.  
Hence a more liberal cut back to the floorbeam is suggested, and will be described later.  It 
should be noted that the report also suggests that modifications to the stringer bearings be made 
in order to allow the stringers to rotate and slide on the floorbeams more freely.  It is our opinion 
that such a retrofit will not be an effective long-term solution.  Although neoprene bearings are 
suggested, they would be required at all stringer/floorbeam locations.  Furthermore, a portion of 
the horizontal shear force (displacement) will still be applied to the floorbeam web connection 
regardless of the type of bearing used.  Because the existing roadway elevations cannot be 
altered, the thickness of the neoprene bearings would be minimal.  Hence, the amount of force 
applied would likely continue to be sufficient to cause cracking.  Over time, the bearings may re-
freeze, and any potential benefit realized by modifying the bearing detail will be lost.  It is our 
opinion that the considerable cost of repairing or replacing all of the stringer bearings will not 
improve the performance of the retrofit and may not achieve the desired results.   
 
3.0 Cause of Observed Fatigue Cracks 
 The fatigue cracking on the Birmingham Bridge has been observed on several other tied 
arch bridges in the US [3].  In these bridges, the floorbeams were also connected to the tie 
girders with a shear (i.e., web) connection only.  No direct connection was provided between the 
flanges and the tie girders.   
 The cracks observed in the Birmingham Bridge originate and propagate parallel to the top 
flange.  Many of these cracks are several inches long.  At some locations, the crack was observed 
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to branch and turn downward into the floorbeam web.  The cracking is the result of relative 
longitudinal displacement that occurs between the floor system and the tie girder.  This 
deformation could be visually observed at several of the cracked areas.  The displacement 
introduces out-of-place movement within the web gap above the connection angles.  Although 
the magnitude of the displacement is very small, it is concentrated within the web gap.  The 
restraint provided by the top flange and the connection angles on the web force the section of the 
web within the small web gap to bend in double curvature.  The displaced system is shown 
schematically in Figure 2.   
The displacement can best be visualized using the illustration of a beam with a composite 
top flange.  If a steel girder is erected with a non-composite concrete deck cast above, 
theoretically, there is no mechanism in place to carry the shear forces between the concrete and 
the steel.  Hence, in the presence of bending, there is a relative displacement between the 
concrete deck and the top flange, primarily at the ends of the span.  If one views the floor system 
of the Birmingham Bridge as the concrete deck and the steel beam as the tie girder, it is apparent 
that global deflections of the structure will introduce a similar shearing mechanism between the 
floor system and the tie girder.  Due to the geometry of the web connection to the tie girder, this 
relative displacement occurs within the web gap between the top flange and the connection 
angles, as shown in Figure 2.   
  
 
 
 
Figure 2 - Schematic showing distortion of floorbeam web gap (taken from Reference [3]) 
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The longitudinal displacement range is comprised of the global deflection of the bridge 
and local deflections/rotations due to trucks passing in the adjacent floorbeams (i.e., live load).  
Because the displacement is related to the global deflection of the bridge, free vibration of the 
structure produces the necessary driving force.  Hence, multiple cycles are accumulated during 
the passage of a single truck.  This behavior was observed while on site by placing a finger on an 
active crack.  The crack surfaces “moved” relative to each other in the longitudinal direction.  
The movement was constant, no matter what longitudinal or transverse positions the vehicles 
were in. 
 
4.0 Suggested Retrofit Option 
 As previously stated, the flanges of the floorbeams are not connected to the tie girder.  As 
a result, a relative out-of-plane displacement occurs within the web gap between the top flange of 
the floorbeam and the web connection angels.  It is apparent from Figure 2 that one possible 
retrofit is to minimize the relative displacement by rigidly connecting the flanges of the 
floorbeams to the tie girders.  Such a rigid connection would ensure compatibility between the 
floor system and the tie girder.  This approach was used on the Prairie Du Chien Bridge, which 
carries U.S. 18 over the Mississippi River between Prairie Du Chien, Wisconsin, and Marquette, 
Iowa [3].   
The main tied-arch span of the Prairie Du Chien Bridge is 462 feet while the main span 
of the Birmingham Bridge is 620 ft.  In order to rigidly connect the flanges to the tie girder on 
the Prairie Du Chien Bridge, a very stiff connection was required.  This was accomplished by 
bolting heavy structural ‘T’ sections to the top flange of the floorbeam and to the web of the tie 
girder.  To prevent out-of-plane displacements in the web of the tie girder where the new ‘T’ 
section was bolted, additional ‘T’ and channel sections were bolted to the interior of the tie 
girder.  Although effective, this is a costly retrofit option.  Overall, the Prairie Du Chien Bridge 
is smaller than the Birmingham Bridge.  (The floorbeams and tie girder are 48 inches and 66 
inches respectively on the Prairie Du Chien Bridge.  On the Birmingham Bridge, the floorbeams 
and tie girder are 112 and 138 inches deep, respectively.)  Due to the substantially longer span, 
larger tie girders, and floorbeam flanges, a much heavier connection would be required to ensure 
that a rigid connection was provided between the floorbeam flanges and the tie girder.  It would 
likely be very costly and difficult to construct this connection in-situ.  As a result, it is not 
recommended in this situation.  
As an alternative to stiffening the connection, it is proposed to soften the connection by 
removing a portion of the floorbeam flange and web near the tie girder.  Portions of the end 
connection angles outstanding legs would also be removed as part of this retrofit.  As stated, the 
out-of-plane longitudinal displacement, although small, is focused within the narrow web gap 
region.  Softening the connection allows the displacement to effectively occur over a longer 
length of the web without the restraint of the top flange or connection angles.  The proposed 
softening is analogous to cutting back floorbeam connection plates, as was done on the Poplar 
Street Bridge in East St. Louis [4] and for the I-84 Housatonic River Bridge in Connecticut.  In 
both of these bridges, the end connection plates for the floorbeam girder connection were cut 
back 12 inches to increase the flexibility in the floorbeam web gap [5]. 
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Figure 3 illustrates the existing floorbeam connection details at the tie girder.  The 
proposed retrofitted connection is shown in detail in Figures A1 through A4 of Appendix A.  As 
can be seen, the proposed detail is much more flexible in the longitudinal direction (i.e., 
perpendicular to the floorbeam web).  Hence, the floorbeam can easily accommodate the existing 
relative displacement that occurs between the deck system and the tie girder.  It is recognized 
that the relative displacement may slightly increase since the resistance to out-of-plane 
displacement will be nearly eliminated by the proposed detail.  However, the proposed detail can 
easily accommodate several times the existing displacement range currently being applied.   
 
 
Figure 3 – Existing floorbeam connection to tie girder detail 
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As shown in Figure A2, 4-inch diameter holes will be drilled in the web and near the 
connection angles.  These holes should be made with a hole saw to ensure a high quality edge in 
the web plate at this location.  (If the floorbeam flange is too thick for plasma cutting, the flange 
may be cut using tradition flame cutting since this is free surface flange termination.)  A 4-inch 
diameter hole should be drilled (with a hole saw) in the angle leg as shown in Figure A2.  
Horizontal and vertical cuts can then be made between the two holes and free edges.  The 
horizontal cuts in the web and angles should also be made using a plasma cutter.  The vertical 
and horizontal cut edges of the web and the horizontal cut edges of the angles should be 
inspected and ground smooth as required to remove any discontinuities or gouges.  Although the 
vertical leg of the angles bolted to the tie girder could also be removed, it is proposed that these 
legs of the angles be left in place.  The process of removing the leg of the angle in contact with 
the tie girder could result in nicks or cuts to the tie girder.  Hence, it is better to leave this portion 
of the angle in place to avoid the possibility of damaging the tie girder.  A step-by-step procedure 
for implementing the retrofit is included in Appendix A of this report.  (The procedures and 
figures contained herein related to the prototype retrofit are for general guidance only.  A 
complete set of design drawings and specifications must be developed by others.) 
The proposed retrofit removes all of the existing web fatigue cracks.  Hence, the 
possibility of reinitiating existing cracks is eliminated.  The retrofit can be performed using 
readily available equipment and can be performed quickly.  Using plasma cutting techniques, 
high quality precise cuts can be made.  The surface can be treated with hand grinders to a smooth 
finish.  The method would also be considerably cheaper than stiffening the connection by rigidly 
connecting the floorbeam flanges to the tie girder. Although up to six H.S. bolts will be removed 
from the shear connection at each the end of the floorbeams, it is unlikely that the capacity of the 
connection of the will be less than required.  Nevertheless, the connection should be checked to 
ensure the joint is not overstressed. 
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5.0 Results of Finite Element Analyses 
In order to investigate the effect of the proposed retrofit on the stress field in the 
floorbeam web, a finite element (FE) model of the connection and proposed floorbeam 
connection detail was built and analyzed.  Pre- and post-processing was performed using 
FEMAP, a professional grade Finite-Element MAPping program (Hence the name FEMAP) used 
to build complex two- and three-dimensional finite element models [6].  For this project, 
ABAQUS was used as the finite element solver [7].  ABAQUS is a general-purpose finite 
element analysis program.  It is well suited for linear, non-linear, static, and dynamic analysis of 
structures.  Beam, shell and solid elements are fully supported in the program. 
Because field measurements have not been made on the Birmingham Bridge, the amount 
of relative longitudinal displacement was estimated based on previous experience.  As a result, 
the results of the model can only be used to compare the relative increase or decrease in stress 
range at critical locations of the as-built and modified (i.e., retrofitted) floorbeam connection 
details.  Hence, the effectiveness of the retrofit can be estimated.  Details related to the finite 
element model are given below. 
 
5.1 Finite Element Model 
 In order to estimate the existing stress field at the web/flange interface (where cracks 
have been observed), a finite element model of a single floorbeam-to-tie-girder connection was 
developed.  The tie girder was not explicitly modeled.  It was conservatively assumed that the tie 
girder provided a rigid support condition for the web connection angles.  The floorbeam was 
restrained on the opposite end assuming symmetry.  Hence, appropriate boundary conditions 
were included at this location. 
A sufficient portion of the floorbeam was modeled in order to accurately capture the in-
plane and out-of-plane bending components in the member.  The model used solid elements in 
the flanges, web, and connection angles.  Transverse stiffeners were modeled using shell 
elements.  In regions of high strain gradient, 20-node fully-integrated solids were used.  At other 
less critical locations, 8-node fully-integrated solids were used.  All shells where 8-node fully 
integrated elements fully capable of capturing in-plane and out-of-plane behavior.  The as-built 
and modified models are shown in Figures 4 and 5.  Out-of-plane and in-plane components of 
loads were considered separately to establish the effect of each component.  This model 
contained over 34,138 elements and 88,127 nodes.  This is a rather large FE model and required 
about ten minutes to execute both load steps (i.e., in-plane and out-of-plane).   
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5.2 Loads 
 As noted, the observed fatigue cracks are initiated by out-of-plane (i.e., longitudinal) 
relative displacement between the top flange of the floorbeam and the tie girder.  These out-of-
plane displacements continue to propagate the cracks.  However, in-plane bending stresses also 
influence the orientation and branching of crack propagation, as evident by cracks that have 
turned downward into the web in several locations.   
 Out-of-plane longitudinal movement was simulated in both models by displacing the top 
flange a fixed amount (1/32 inch).  The displacement was applied at the locations of each 
stringer, as in the real bridge (See Figure 3).  It was conservatively assumed that each stringer 
imparted the same displacement to the top flange.   
 In-plane bending stresses were produced in both models by applying a single load to the 
free edge of the girder. This load introduced a negative moment at the connection to the tie 
girder.  This load is illustrated schematically in Figure 4. 
 
 
 
 
Figure 4 – FE model of as-built floorbeam connection 
Applied displacements 
at stringers (Typ) 
Applied load for in-
plane bending 
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Figure 5 – FE model of modified floorbeam connection 
2” Radius 
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5.3 Results of Finite Element Analyses 
Table 1 and Figures 5 and 6 illustrate the effects of softening the connection at the ends 
of the floorbeam.  The data are presented in terms of the relative percentage of the stress range 
using the existing geometry.  Hence, for the existing geometry, 100% is indicated for all cases.  
It is clear that the proposed retrofit of the connection results in a much lower stress range at the 
web-to-flange weld region.  This is due to the removal of the restraint provided by the 
connection angles and the resulting small web gap.  The stress range in the connections angles, 
which have been known to crack on similar floorbeam connections in other bridges, is also 
decreased for both load cases.  It is clear that the proposed retrofit results in a much more 
favorable stress condition at the floorbeam connection to the tie girder.  (It must be noted that the 
stress contours in Figures 5 and 6 are not proportional and are for illustration only.  Thus, a 
“red” contour in Figure 5 does not correspond to the same magnitude of stress range as a “red” 
contour in Figure 6.) 
 
 
Geometry Load Case 
Vertical (Z) stress 
range @ web/flange 
weld 
Horizontal (X)  
stress range in 
angles  
Vertical (Z) stress 
range in base metal 
at web cut 
Existing Out-of-plane 100%(Web Gap) 100% N/A 
Proposed Out-of-plane <5% <10% <2 %1 
Existing In-plane - 100% N/A 
Proposed In-plane - 70% <2 %1 
Notes 
1. Percentage of out-of-plane web gap stress for existing geometry at web cut.  It is noted that the web gap stress is a 
much harsher fatigue category due to the presence of the web-to-flange weld.  The web cut can be considered a base 
metal condition if properly ground after cutting of web and appropriate analysis of stress field. 
 
 
Table 1 – Comparison of normalized stresses for existing and proposed geometry  
at floorbeam connection to tie girder 
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Figure 6 – Results of as-built floorbeam FE model subjected to out-of-plane displacement.   
Note region of high stress within web gap.  Results are consistent with observed crack locations.  
(‘Z’ or vertical stress perpendicular to flange) 
 
 
 
 
 
Figure 7 – Results of modified FE model subjected to out-of-plane displacement.   
Region of highest ‘Z’ stress is 
(‘Z’ or vertical stress is perpendicular to flange) 
Observed cracking is 
consistent with high 
calculated stress range 
within web gap 
Z 
Vertical (Z) stress range 
is reduced to less than 
5% of existing condition 
at web/flange 
Stress range at web cut is low 
Z 
X 
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6.0 Field Instrumentation of Prototype Retrofit 
In order to assess the effectiveness of the retrofit, a prototype retrofit should be installed 
at one or two locations.  However, if only visual inspection techniques are used to monitor the 
prototype retrofit, it is essential that the approach and objectives of the monitoring program be 
well defined.  This approach raises several questions.  How long should the visual monitoring 
continue before all connections are retrofitted?  What criteria will be used to determine if the 
retrofit is successful and effective?  Experience has shown that it may take several years for 
cracks to reinitiate even if the retrofit is not performing as intended.  In light of the above, the 
value of installing a retrofit and “waiting to see” if it works through visual inspection is 
questionable. 
As an alternative, it is suggested that a modest amount of field instrumentation be 
installed and the performance of a prototype retrofit verified.  Field instrumenting one or two 
retrofitted details will quickly provide the information needed to determine if the retrofit is 
effective or if modifications to the retrofit are necessary.  This approach is also likely more cost 
effective than continued detailed inspection of the prototype retrofit details.  In addition, during 
the evaluation period, the non-retrofitted connections will continue to crack and will require 
special inspection efforts as well.  There does not appear to be a need to conduct controlled load 
testing at this time.  Monitoring the retrofits under normal traffic for a period of a week or so will 
provide a sufficient amount of data to determine the performance of the retrofit.   
 The detailed costs associated with instrumenting and monitoring two trial retrofits are 
included in Appendix B of this report.  A conservative estimate of the costs associated with this 
additional work is $38,530. 
  
 
 
13
References 
 
1. Inspection Report – Birmingham Bridge, SAI Consulting Engineers, Pittsburgh, PA , 
July, 2002. 
2. Fatigue and Fracture in Steel Bridges, J.W. Fisher, Wiley Interscience, (1984). 
3. Birmingham Bridge Floorbeam Crack Analysis and Retrofit Options, HDR Engineering, 
Inc. (HDR), Pittsburgh, PA , January 30th, 2002. 
4. Evaluation of Web Cracking at Floorbeam to Stiffener Connection of the Poplar Street 
Approaches, FAI Route 70, East St. Louis, St. Clair County, Illinois, Koob, M.J., Frey, 
P.D., Hanson, J.M, Wiss Janney Elstner Associates, Inc. for the Illinois Department of 
Transportation, September, 1985. 
5. Fatigue Cracking in Steel Bridge Structures Volume 1: A Survey of Localized Cracking 
in Steel Bridges 1981-1988, FHWA-RD-89-166, Mclean, Virginia, March 1990. 
6. FE MAP Users Manual, Structural Dynamics Research Corporation (SDRC), Exton, PA, 
2001. 
7. ABAQUS Users Manual, Hibbitt, Karlsson, & Sorensen, Inc, Pawtucket, RI, 2000. 
  
  
 
A-1
Appendix A 
 
Procedure for Prototype Retrofit 
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Introduction 
 The following is a description of the steps associated with implementation of a single 
floorbeam retrofit (i.e., one connection) on the Birmingham Bridge in Pittsburgh, PA.   
 
Step 1 
Remove the upper six bolts connecting the web of the floorbeam to the angles (See 
Figure A1) 
 
Step 2 
Drill holes labeled # 1 and #2 in Figure A2.  The holes should be made using a hole saw 
or similar drilling device.  A pilot hole may be drilled if required.  The edge of the hole in 
the outstanding leg of the angle (hole #1) shall be approximately 5/8 of an inch from the 
exposed face of the leg of the angle attached to the tie girder, as illustrated in Figure A2, 
to avoid drilling through the fillet of the angle.  The hole in the angle (hole #1) shall be 
located to ensure that the heads of the bolts connecting the angles to the tie girder are 
not damaged during the drilling process.  (Note: It may be necessary to remove one row 
of bolts in one of the angles adjacent to the tie girder to provide access for the drill and 
hole saw.  These bolt(s) must be replaced after the holes are drilled.) 
 
Step 3 
Using an acceptable cutting method, cut and remove the outstanding legs of the angles 
as illustrated in Figure A3.  The preferred methods of cutting are plasma or saw.  Plasma 
cutting may require separate cuts to be made on each side of the web because of the 
individual faying surfaces between the angles and web.  Acetylene torches are 
acceptable provided all damaged base metal is removed after cutting and all burnt 
edges are ground smooth. 
 
Step 4  
Using an acceptable cutting method, cut and remove the remaining portion of the web 
and floorbeam flange as illustrated in Figure A3.  The preferred methods of cutting are 
plasma or saw.  If the top flange is too thick to be cut with a plasma torch, use of 
acetylene torch cutting is acceptable if all burnt edges are ground smooth to undamaged 
base metal after cutting.  Acetylene torch cutting is not permitted when cutting any 
portion of the web plate. 
 
Step 5 
All cut edges and surfaces should be ground smooth parallel to the longitudinal axis of 
the floorbeam to ensure no nicks or cuts remain (See Figure A4).  Intersections between 
hole edges and vertical and horizontal cuts must be ground smooth parallel to the with 
the longitudinal axis of the floorbeam. 
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and  
Cost Estimate 
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1.0 Background 
 The following is a technical and cost proposal for efforts related to field instrumentation 
& monitoring of two prototype floorbeam connection retrofits on the Birmingham Bridge over 
the Monongahela River in Pittsburgh, PA.  The bridge consists of a 620 ft main span tied arch 
and several multi-girder approach spans.   
 
2.0 Testing Program 
After the prototype retrofit scheme has been installed in two locations, field 
measurements will be conducted to verify the performance.  This work is described below. 
 
2.1 Short-Term Uncontrolled Monitoring  
 With the bridge subjected to normal traffic, time histories of all gages will be recorded 
as heavy trucks are observed to cross the structure.  Data will be collected for a period of up to 
six hours.  The configuration and lane position of the random heavy vehicles will be noted as 
much as possible.   
 
2.2 Week-Long Monitoring  
In order to establish meaningful stress-range histograms, we suggest that monitoring be 
conducted for a period of no less than one week.  (If required, the duration of remote monitoring 
can be extended at additional cost.)  All gages will be monitored during this week.   
Currently, the proposed instrumentation plan requires 14 strain gages and 1 displacement 
sensor be installed at each connection to be monitored.  Two (2) additional gages will be placed 
on nearby stringers in order to identify if a given triggered event at the connection is the result of 
global or local effects.  Hence a total of 17 channels are proposed per connection.  To minimize 
the volume of data collected, time histories will not be recorded continuously.  Rather, the data 
acquisition system will begin recording when the stresses induced by live loads exceed 
predetermined triggers.   
For example, if it is determined that heavy trucks are observed to produce a peak stress of 
5.0 ksi at some critical location, software triggers would then be set at about 4.5 ksi for these 
gages.  If the stress exceeds that value, a time history for all gages is recorded.  Data will also be 
recorded prior to the trigger event for a specified amount of time, say ten seconds (i.e., a ten 
second buffer will be maintained).  The data acquisition system will continue to record for an 
additional specified period, again, say ten seconds, and then stop recording.  (All channels will 
be automatically re-zeroed on the whole and half hour using a digital balance algorithm.)  The 
appropriate length for the buffer and total recording time will be determined on site.  This 
technique provides sufficient time-dependent data and a method of verification for high stress 
range events to ensure that spurious signals are excluded from the stress-range histograms.  The 
appropriate magnitude for the triggers will be determined from the controlled load tests and on-
site monitoring. 
 Stress-range histograms will be developed using the rainflow cycle counting method.  
The stress-range histograms will be generated continuously and will not operate on triggers, thus 
all cycles will be counted.  In addition, the histogram will be updated every 10 minutes.  Thus, in 
the event of a power failure, a minimal amount of data would be lost.  The stress-range bins will 
be divided into 0.5 ksi intervals and cycles less than 0.2 ksi will not be included. 
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3.0 Instrumentation and Data Acquisition 
3.1 Proposed Instrumentation Plan 
 A detailed instrumentation plan has been developed to establish the behavior and the 
effectiveness of the prototype floorbeam connection retrofit.  The instrumentation plan is 
included at the end of this section.  At this time, the following assumptions have been made for 
cost estimating purposes. 
 
1. A maximum of 32 strain gages and two displacement sensors will be installed and 
monitored (i.e., 16 uniaxial strain gages and 1 displacement sensor per location).  If it is 
determined that additional gages are required, these can be added at additional cost.   
 
2. All gages will be monitored as random traffic crosses the bridge for a maximum of six 
hours at each location. 
 
3. Gages will be monitored for a period of one week in order to verify the performance of 
the prototype retrofit and to develop stress-range histograms. 
 
3.2 Sensors 
3.2.1 Strain Gages 
Strain gages will be 350-Ohm temperature compensated resistance gages produced by 
Measurements Group, Inc.  An excitation of 10 volts will be used to maximize the signal to noise 
ratio.  Weldable uniaxial strain gages will be utilized as much as possible due to ease of 
installation in the field.   
 
3.2.2 Displacement Sensors 
 Displacement will be measured using Linear Variable Differential Transformers 
(LVDTs).  The sensors are manufactured by Macro Sensors Inc. and are type GHSD-750-250.  
These sensors are an all welded stainless steel spring-loaded LVDT specially designed to be used 
in harsh industrial environments where dirt, water, and other contaminate are present.  Hence, 
they are well suited for this application.  Although LVDTs of this type theoretically have infinite 
resolution, the resolution of the measurements is limited by the data acquisition system.  The 
resolution of these LVDTs with the data acquisition system that to be used is approximately 
8x10-6in.   
 
3.3 Data Acquisition System 
Data will be collected using a Campbell Scientific CR9000 Data Logger.  This is a high 
speed, multi-channel digital data acquisition system.  The appropriate sampling rate will be 
determined on-site, but will not be less than 100Hz.  In order to ensure a stable, noise-free signal, 
strain gage conditioning analog and digital filtering will be provided by CR9052 analog input 
cards.  While on site, data will be checked to ensure that the output from the gages is stable and 
“noise” is minimized.  Calibrations of the instrumentation will be performed in the field. 
During on-site uncontrolled monitoring, power will be provided using generators 
furnished by ATLSS.  However, during the remote week long monitoring, a power source must 
be secured.  Ideally, a 110-120V, 20Amp AC household type power source must be in place and 
operational prior to beginning the field instrumentation.  Solar powered batteries and wireless 
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communication systems can be used if required at additional costs.  We will provide a secure 
weatherproof enclosure for our data acquisition system.   
  
4.0 Data Reporting - General 
4.1 On-Site Uncontrolled Tests 
The data collected during the uncontrolled monitoring will be carefully reviewed and 
discussed in detail in the body of the report.  The peak stress and stress range will also be reported in 
table format for each channel in Standard English units.  Time history plots will be provided in the 
body of the report as required to aid in the interpretation and explanation of the results.  The 
response of the structure to different truck types and lane positions will be discussed.  
 
4.2 Time Histories for Remote Long-Term Monitoring 
Based on experience, there is little value in plotting continuous time histories of long 
periods of time.  Even if plotted on an 11x17 paper, it is very difficult to make any sense out of 
the data.  Instead, time history data of selected gages and events will be plotted based on the 
relevance of the data.  The triggered time history data are essential for estimating the 
configuration and transverse position of heavy trucks crossing the bridge.  They also serve to 
verify any large or unusual stress ranges recorded in the histograms.  
 
4.3 Stress-Range Histograms 
Stress-range histograms will be provided in table format.  The table will contain the 
effective stress range (Sreff), peak stress range (Srmax), number of cycles, and number of cycles 
greater than the CAFL of a detail, if appropriate. 
 
5.0 Cost Estimate 
The estimated total cost for the field instrumentation, monitoring, and preparation of a final 
report for the specific tasks described herein related to the Birmingham Bridge is $38,530.  A 
breakdown of the estimated costs is attached in the following table.  Please note, if our efforts are 
delayed while at the site due to problems with access, traffic control, or other causes, our price will 
increase accordingly.   
 
Week-Long Monitoring 
 
Task Cost 
General Preparation/Project Coordination $4,350 
Installation and Wiring of Sensors $6,050 
Analysis and Preparation of Report $13,100 
Uncontrolled Monitoring $2,270 
Remote Monitoring (1 Week) $1,300 
Data Acquisition Syst. Use and Materials $3,150 
Miscellaneous Supplies $550 
Communications $100 
Travel (Meals, Hotel, Vehicles, Tolls, etc.) $7,660 
TOTAL COST $38,530 
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5.1 General Considerations 
 In the preparation of this proposal, several assumptions were made which are listed below.  
If these requirements are not fulfilled, the estimated costs associated with this work will increase. 
 
1. We expect that all instrumentation can be installed using an under bridge inspection unit or 
similar piece of equipment provided by others.  The under bridge inspection unit will have a 
minimum of a three-person bucket.  (The unit provided by the Department during the field 
inspection conducted by J.W. Fisher and R.J. Connor in July 2002 would be sufficient.)  Any 
required maintenance and protection of traffic (MPT) on or beneath the structure will be 
coordinated by others and carried out by qualified personnel at no cost to the ATLSS 
Engineering Research Center at Lehigh University (ATLSS).   
2. ATLSS will provide fall protection equipment and other personal protective gear for our own 
personnel.  ATLSS will have access to the required areas for installation of equipment and 
sensors.   
3. Installation and wiring of strain gages to be installed on the structure can take place during 
daylight hours.  This is required so that the projected schedule can be met and to minimize cost.  
The strain gages and wire will be left in place.  If the gages and wire need to be removed by our 
personnel, our costs will increase.  If gages must be installed at night, our costs will increase.  
All coordination and costs associated with providing necessary lighting will be handled by 
others at no cost to ATLSS. 
4. A stable and “clean” 110-120V, 20Amp AC household type power line will be provided in a 
junction box by others during the week-long monitoring.  The exact location of the junction box 
will be determined after we receive notice to proceed.  Others will pay for any installation 
charges, monthly fees, and power charges.  
5. Removal of the sensors, wire, and paint “touch-up” are not included in ATLSS’s costs. 
 

